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Presented is a solid phase extraction (SPE) sorbent having a removable 
"stationary phase." This removable phase that consists of alkyltrimethylammonium 
surfactant is initially immobilized onto hydrophilic strong cation exchange resin. The 
surfactant chain through hydrophobic interactions extracts hydrophobic analytes in the 
same manner as conventional bonded alkyl moieties on silica based non-polar sorbents. 
For the extraction of very hydrophobic species with conventional sorbents, solvents used 
for analyte elution are generally toxic and not directly instrument compatible. The 
chosen solvent must be strong enough to efficiently break hydrophobic interactions 
between the analyte and sorbent. Using a removable "stationary phase," hydrophobic 
interactions need not be broken between the analyte and the sorbent. In the presented 
approach, the surfactant ("stationary phase") is removed via ion exchange with exchange 
ions in very mild aqueous based and instrument compatible solutions. The analyte, being 
associated with the surfactant, is also removed in the process. Very efficient elutions of 
hydrophobic analytes are a direct benefit of having a removable 
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"stationary phase." Rinse solution parameters explored include exchange cation type and 
concentration, and alcohol type and concentration. The extraction of three polyaromatic 
hydrocarbons, naphthalene, pyrene and benzo(ghi)perylene, is investigated using this 
sorbent material. A silica based strong cation exchange resin (SCX-2) having a 
sulfopropyl group is explored and compared with the commercially available silica based 
extraction sorbent. 
I. INTRODUCTION 
A. Background 
The analytical procedures most often used for Polycyclic Aromatic Hydrocarbons 
determination are based on the sample type. Besides the traditional liquid-liquid 
extraction (LLE) and ion-pair LLE, solid phase extraction (SPE) has been studied for the 
effectiveness in extraction and separation of the PAHs from aqueous samples.1'2 Eluted 
fractions from the column, disk, or cartridge can be analyzed by gas chromatography 
(GC) with flame ionization or mass spectrometry detectors, or reverse phase high 
performance liquid chromatography (RP-HPLC) with spectrophotometric (UV) or 
•3 
fluorescence (FL) detection. 
B. Extraction of PAHs in an Aqueous Solution. 
The most current and the most widely used sample preparation method for 
chromatographic instrumentation is SPE.4'5 Because the concentrations of PAHs in water 
and food are very low, the preconcentration process is extremely important.6 Often, 
preconcentration is necessary prior to direct instrumental injection because the analyte 
(PAH) concentration in real samples is usually below the instrument's detection limit. 
Typically, in SPE, aqueous solutions containing PAHs are passed through a solid sorbent 
contained within a cartridge, disk, or column. Rinsing with a volume of organic solvent 
removes the PAHs sorbed onto this solid sorbent material. Organic solvents are 
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needed to break the hydrophobic forces between the stationary phase and the PAH in 
non-polar SPE. Unfortunately, many organic solvents used for eluting the strongly 
sorbed PAH are incompatible for direct injections due to their immiscibility with the 
mobile phases used for high performance liquid chromatography (HPLC). Therefore, a 
time-consuming and environmentally unfavorable procedure of "blowing down" the 
organic solvent must be completed before analysis. The same volume of solvent 
(methanol or acetonitrile) that is miscible with the mobile phase is generally added to the 
residual material. A commonly used solvent for hydrophobic PAH elution in reversed 
phase SPE is methylene chloride or a mixture of methylene chloride, a possible ozone 
destroyer and known carcinogen, where approximately 10 mL may be used per 
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determination. ' As many commercial laboratories determine analytes that strongly sorb, 
large volumes of methylene chloride are collectively used. 
Surfactant-based extractions are a very dynamic area of chemical research. 
Aqueous two-phase extractions9'10 and cloud point extractions11 both employ surfactants 
in liquid solution media and are currently studied for their selectivity advantages over the 
use of conventional organic solvents for the separation of biomolecules, and for their 
environmental advantages. Some surfactants have been immobilized on support materials 
to aid in extraction of certain analytes. Using a Cig based sorbent with cationic 
surfactants that adhere through chain-chain affinities, extractions of anionic phenols have 
been accomplished.2 Negatively charged species (anionic phenols) are attracted 
electrostatically by the exposed cationic functional group of the surfactant. Pyridium 
surfactants bound to a cation-exchange resin have been used for large-scale extraction of 
organic pollutants.12'13 We have established that cationic surfactants can be used 
o . 
effectively as liquid-type extractants. We have also demonstrated that strong cation 
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exchange resin can bind these same cationic surfactant molecules through ion pair 
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interactions. In this study, octadecyltrimethylammonium bromide bound resin material 
is placed within a column; then, the extraction of organic analytes from an aqueous 
solution occurs. In this study, the overall approach parallels the conventional SPE. 
However, the "stationary phase" (surfactant) and the hydrophobic analyte (PAH) are 
removed together via ion exchange of the surfactant with exchange ions in the alcohol-
water rinse solution. The use of harmful organic solvents is not required in the present 
sample preparation because the strong hydrophobic interactions between the analyte 
(PAH) and "stationary phase" (surfactant) do not have to be broken as in the conventional 
SPE. For this sorbent to be effective, it is desirable for hydrophobic analytes to associate 
strongly with the removable surfactant, and not the immobile resin. In this way, efficient 
rinsing of the surfactant will therefore lead to efficient and quantitative analyte removal. 
n 
During the elution step in a past study, effective removal of the surfactant was achieved. 
However, the remaining resin had strong hydrophobic interactions with the test molecule 
(pyrene). Thus, several rinses beyond the rinses needed to remove the surfactant were 
required for effective analyte elution. In the presented study, silica resins were explored 
as a means of reducing analyte-resin interaction. 
Aromatic molecules are mostly non-polar or very weak polar solids, and their 
solubility in water decreases as the number of aromatic rings increases. Typically, the 
high molecular weight compounds (PAHs with aromatic rings > 4) are less water-soluble, 
less volatile and more hydrophobic than those of lower molecular weight (PAHs with 
aromatic rings < 3).6 
Preparation of conventional SPE media is long and requires numerous steps to 
condition the silica support particles. Additional steps include mixing silica gel with the 
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appropriate reagent (i.e., Q s moiety requires trichlorooctadecyl silane). As a means of 
rinsing excess reactants, large volumes of organic solvents such as benzene and toluene 
are utilized.8'9 In the proposed procedure, the extraction media is prepared in a very mild, 
water-based reaction mixture that contains water, a miscible alcohol (methanol), 
surfactant and resin. 
The extraction procedure is presented in Figure 1. In step A, a cation exchange 
resin is mixed with cationic octadecyltrimethylammonium bromide (OTAB) surfactant in 
an aqueous environment. A portion of the surfactant cation exchanges itself onto the 
resin. The resin is now hydrophobic in nature via the alkyl groups from the surfactant 
covering the surface. In step B, a sample containing an analyte (i.e., pyrene) is passed 
through a column containing this sorbent. Pyrene is adsorbed to this material through 
hydrophobic interactions with the alkyl chains. In step C, the elution step, a mild solution 
consisting of an exchange ion (i.e. Ca2+ from CaC^) in a mixture of water and a soluble 
alcohol is passed through the column containing the sorbent. The entire surfactant 
analyte association is released in the process. The hydrophobic interactions between the 
analyte and sorbent do not need to be broken for effective elution. In the commercial 
silica non-polar solid phase extraction sorbent, the hydrophobic interactions need to be 
broken for effective elution. The extract from the resin (SCX-2) and the surfactant 
(OTAB) is directly HPLC-compatible. 
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Alkyltrimethylammonium Surfactant 
Cation Exchange Resin 
+ 2NaBr 
B 
Figure 1. Surfactant based solid phase extraction process 
Step A, Cation exchange resin is mixed with cationic surfactant in an aqueous solution. 
Step B, An analyte (pyrene) is passed through a column containing this sorbent and 
adheres to the stationary phase. 
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rinse solution containing CaCi2 
I 
+ 2NaCI 
Figure 1. Step C, the elution step, solution consisting of an exchange ion (Ca2+ from 
CaCl2) in a mixture of water and a soluble alcohol is passed through the column 
containing the sorbent. 
7 
Presented are the results of the extraction of three polycyclic aromatic hydrocarbons that 
vary in degree of hydrophobicity, (naphthalene, pyrene and benzo[g7zz']perylene), using a 
sorbent consisting of a surfactant immobilized on a silica based resin, SCX-2. SCX-2 is a 
silica based strong cation-exchange resin. The parameters of the rinse solution 
investigated included exchange ion type, exchange ion concentration, alcohol type and 
alcohol concentration. Breakthrough investigations and an application using this sorbent 
material are presented. 
C. Polycyclic Aromatic Hydrocarbons 
Polycyclic aromatic hydrocarbons (PAHs) are semi-volatile organic compounds. 
PAHs are also referred to as polynuclear aromatic hydrocarbons. PAHs are formed 
during the incomplete burning of coal, oil, gas, garbage, and other organic substances like 
tobacco or charbroiled meat. These compounds have become a significant concern to 
human health because they are possible carcinogens. PAHs enter water through the 
discharge of industrial and wastewater treatment plants. Most PAHs do not dissolve 
easily in water. They stick to solid particles and settle to the bottoms of lakes or rivers. 
PAHs often migrate through the soil and contaminate underground water. This migration 
becomes a concern because of the human consumption of water. Over one hundred 
PAHs exist in gaseous, liquid, or solid matrices in the environment. The Environmental 
Protection Agency (EPA) has placed sixteen PAHs on the priority pollutant list because 
of their carcinogenic properties. Table 1 lists the sixteen United States EPA priority PAH 
pollutants. Since PAHs are found throughout the environment in the air, water, and soil, 
a procedure for determination of polycyclic aromatic hydrocarbons in water has been 
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studied.1 Three of the sixteen PAHs were chosen for this study. The three PAHs include 
naphthalene, pyrene, and benzo(ghi)perylene. Their basic parameters are listed in 
Table 2. They were chosen because the three PAHs vary in the degree of hydrophobicity. 
The two-ring structure of naphthalene is the least hydrophobic and the six-ring structure 
of benzo(ghi)perylene is the most hydrophobic. Pyrene (four ring structure) has a 
hydrophobicity that is between naphthalene and benzo(ghi)perylene. The structures of 
these three PAHs are shown in Figure 2. Some PAHs are manufactured. These pure 
PAHs usually exist as colorless, white, or pale yellow-green solids. Naphthalene is a 
white solid that is found naturally in fossil fuels. Burning tobacco or wood produces 
some naphthalene. Some Pyrene and Benzo(ghi)perylene is found in the smoke of 
tobacco. They can be inhaled by the inhalation of polluted air and can be ingested by the 
consumption of contaminated food or water. 
C. Purpose of This Study 
The purpose of this study is to enrich the extraction efficiency of PAHs using 
solid phase extraction and to extract very hydrophobic species from a immobilized 
cationic surfactant on a cation resin with solvents that are nontoxic, environmental 
friendly and directly instrument compatible; also, the purpose of the study is to compare a 
commercial silica based non-polar SPE sorbent to a surfactant immobilized SPE sorbent. 
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Table 1. The List of the Sixteen PAH Pollutants in Water. 
Compound Ring number LOQ* (ug/L) 
Naphthalene 2 0.34 
Acenaphthylene 3 0.25 
Acenapthene 3 0.025 
Fluorene 3 0.02 
Phenanthrene 3 0.03 
Anthracene 3 0.013 
Fluoranthene 4 0.03 
Pyrene 4 0.037 
Benz[a]anthracene 4 0.007 
Chrysene 4 0.016 
B enz [b] fluoranthene 5 0.027 
Benz[k] fluoranthene 5 0.005 
Benz[a]pyrene 5 0.026 
Dibenz [a,h] anthracene 5 0.012 
Indeno[l ,2,3-cd]pyrene 6 0.006 
Benzo[ghi]perylene 6 0.004 
* Limits of Quantization 
Note: The limits of quantization could vary according to the composition of the sample. 
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Table 2. Basic Parameters of the Three PAHs used in this Study. 
Compound Formula MW* HF(kcal/mol) 
Naphthalene Ci0H8 128 40.58 
Pyrene Ci6H10 202 67.34 
Benzo(ghi)perylene C22H12 276 91.34 
*MW - molecular weight 
#HF- the heat of formation 
Naphthalene 
Pyrene 
Benzo(ghi)perylene 
Figure 2. The structures of PAHs used in this study. 
II. EXPERIMENTAL SECTION 
A. Materials 
A.l. Reagents 
The polycyclic aromatic hydrocarbons consisting of naphthalene, pyrene, and 
benzo[g/n]perylene were purchased from either Acros (Fisher Scientific, Pittsburgh, PA, 
USA) or Aldrich (Milwaukee, WI, USA). The methanol (HPLC grade, Cat. No. 27,047-
4), 2-propanol (HPLC grade, Cat. No. 59307), methylene chloride (HPLC grade, Cat. No. 
43922-3), acetonitrile (HPLC grade, Cat. No. 00687), and ethanol (HPLC grade, Cat. No. 
24102) were purchased from Aldrich Chemical Company, Inc. (St. Louis, MO. USA) 
Octadecyltrimethylammonium bromide (Cis trimethylammonium bromide) surfactant 
was purchased from Aldrich. The SCX-2 resin and the commercial resin with surfactant 
(CI 8) were purchased from Aldrich. The salts of all exchange ions (Ca, Na, Mg) were in 
the chloride form and purchased from Aldrich. 
A.2. Apparatus 
2.1. Varian High Performance Liquid Chromatograph (HPLC) 
A Varian High Performance Liquid Chromatograph (HPLC) was employed in this 
study. Once the sample was loaded in the auto sampler (Varian, Model 910), the system 
could be computer controlled. The high performance liquid chromatographic system was 
run in the reverse phase mode using a Varian Microsorb Ci8 column (Varian Analytical 
Instruments, Walnut Creek, CA, USA). The detector used was a Varian Fluorescence 
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Detector (Model 363). The mobile phase was programmed on a Varian Reciprocating 
Pump (model 1020) using water and acetonitrile. The Data obtained from the HPLC was 
used to calculate the percent recoveries of naphthalene, pyrene, and benzo(ghi)perylene. 
2.2 LECO CHN Analyzer 
Nitrogen and carbon analysis of the sorbent materials was obtained using a LECO 
(Model 2000) CHN Analyzer (St. Joseph, MI, USA). The Data obtained was used to 
calculate the percentage of surfactant removed from the resin. The surfactant was the 
only source of nitrogen in the studied extraction sorbents. 
2.3 Adjusta-Chrom Chromatography Column 
All sorbents were enclosed in a 360 X 10 nm I.D. Adjusta-Chrom (Ace Glass, 
Vineland, NJ, USA) adjustable chromatography column. As a means of accommodating 
small amounts of sorbent, 15 and 30 cm extenders were used. The Adjusta-Chrom 
column allows minimal analyte contact with polymetric materials. 
2.4 Soxhlet Extraction Apparatus 
A Soxhlet Extraction Apparatus was used to clean the resin surfactant sorbent with 
2-propanol. 
B. Standards Preparation 
B.l. PAH-Free Sorbent Blank Preparation 
A sorbent without PAHs was used for the preparation of an internal standard 
sorbent for the commercial and the Cis trimethylammonium form SCX-2 resin. The 
commercial sorbent blank was prepared as outlined. Two milliliters of the commercial 
sorbent (CI8) were enclosed in the adjustable chromatographic column. First, it was 
rinsed with 10 ml of methylene chloride four times. Second, it was rinsed with 10 mL of 
methanol four times. Third, It was rinsed with 10 mL of nano-pure water two times. For 
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a 500 mL alcohol-water rinse solution, 50 mL of methanol and 450 mL of nano-pure 
water was added to make a 10% methanol-water solution. A 100 parts-per-million (ppm) 
CaCC>3 solution was made by adding 0.50 mL of a one molar CaCk solution to the 500 
mL methanol-water solution. The water is then called "hard water" because of adding 
the Ca2+. The water was removed from the sorbent by blowing argon through the 
sorbent. Then, it was rinsed two times with 5 mL of methylene chloride. The 10 mL 
extract was concentrated by nitrogen blowing on it until the final volume was 
approximately 0.5 mL. Enough acetonitrile was added until it reached a final volume of 
2 mL. Then, the extract was analyzed in the HPLC to determine if it was PAH free. 
Two milliliters of the resin (SCX-2) and surfactant (Qg trimethylammonium 
bromide) were enclosed in the adjustable chromatography column. A 2000 mL sample 
containing 10% methanol and hard water solution was delivered through the sorbent. 
Then, it was rinsed three times with a 2 mL sample containing 100 ppm CaCl2 and 2-
propanol. The extract was concentrated and analyzed as mentioned earlier. All 
experiments were performed in trials of three. 
B.2. Extraction of PAHs in a Hard Water Matrix 
Two milliliters of the commercial sorbent (CI8) were enclosed in the adjustable 
chromatography column. The commercial sorbent is rinsed with the same three steps that 
were mentioned in the PAH-free sorbent preparation. A 2000 mL volume of alcohol-
water rinse solution was spiked with 10 uL if 2.5 ppm PAH solution. A 2000 mL sample 
had a PAH concentration of 12.5 ppt after spiking. As mentioned earlier, a 10% 
methanol :nano-pure water solution was used. Enough 1M CaCl2 was added to make a 
100 ppm CaCt solution. The water was removed from the sorbent by blowing argon thru 
the sorbent. Then, it was rinsed two times with 5 mL of methylene chloride for a final 
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volume of 10 mL. The extract was concentrated as mentioned earlier in the section 
named PAH-Free sorbent Blank Preparation. Then, the extract was analyzed in the 
HPLC to determine the percent recovery of PAHs from the aqueous solution. 
Two milliliters of the sorbent (SCX-2 resin and surfactant) were enclosed in the 
adjustable chromatography column. A 2000 mL volume of alcohol-water rinse solution 
was spiked with 10 uL if 2.5 ppm PAH solution. A 2000 mL sample had a PAH 
concentration of 12.5 ppt after spiking. The sorbent was rinsed with a 10% methanol and 
nano-pure water solution. 1.0 M CaC^ solution was added to the 2000 mL alcohol-water 
rinse solution for a final concentration of 100 ppm CaCl2 in the Alcohol-water rinse 
solution. The extract was concentrated and analyzed as mentioned earlier in the section 
named PAH-Free Sorbent Blank Preparation. Three samples were analyzed for both 
sorbents. 
B.3. Sorbent Preparation 
These strong cation-exchange resins were obtained in their commercially 
available sodium form. The resins were mixed with a 1:1 mol ratio of surfactant and 
shaken on a CI Platform Shaker (New Brunswick Scientific, Edison, NJ, USA) for 
approximately one hour. Water and a small volume of 2-propanol was used to 
completely dissolve the surfactant. Next, the resin-surfactant sorbent was filtered and 
washed with 100 mL of nano-pure water five times. A Soxhlet Extraction Apparatus was 
used to clean the resin- surfactant sorbent for at least eight hours. 2-Propanol was used as 
the solvent to clean the sorbent. The cleaned sorbent was stored in an all-glass container 
with a ground glass stopper. 
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C. Experimental Procedure 
Approximately 2 mL of the sorbent (CI8) was prepared and rinsed with some 
modifications to the recommended conditions in the EPA Method 550.1: Determination 
of Polycyclic Aromatic Hydrocarbons in Drinking water by Liquid-Solid Extraction and 
HPLC with Coupled Ultraviolet and Fluorescence Detection.14 The experimental 
procedure for spiking and rinsing the sorbents with solutions is explained in sections B.l 
and B.2 in detail. 
C.l. Parameters of the HPLC 
The HPLC parameters were set as follows: The excitation and emission 
wavelengths were programmed at 270 nm and 350 nm for naphthalene; and the 
wavelengths were programmed at 270 nm and 400 nm for pyrene and 
benzo(ghi)perylene. The mobile phase was programmed on a Varian Reciprocating 
Pump (model 1020) using water and acetonitrile at 85:15 (v/v) sustaining for five minutes 
then ramping to 0:100 (v/v) in 15 minutes and remaining for an additional five minutes 
with a constant 0.80 mL/min flow-rate. All injections were at 50 jj,L using an 
autosampler. 
C.2. Extraction Set-up 
All sorbents were enclosed in a 360 X 10 nm I.D. Adjusta-Chrom (Ace Glass, 
Vineland, NJ, USA) adjustable chromatography column. In order to accommodate small 
amounts of sorbent, 15 and 30 cm extenders were used. The Adjusta-Chrom column 
allows minimal analyte contact with polymetric materials. Because mild rinse solutions 
are used, we have found that in the past polymetric materials (esp. frits) tended to retain 
our test molecules strongly. The column tube is composed of glass, and the frit is silica 
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based. For all rinse studies with the SCX-2 resin, a 2 mL solution consisting of 10 \iL 
from a 2.5 ppm naphthalene, pyrene and benzo(ghi)perylene standard and 1.99 mL of 
10% methanol was delivered to the sorbent. Then, a 2 mL aliquot of rinse solution was 
washed through the sorbent for a maximum of five times. The percent recovery was 
determined for each rinse. For the breakthrough studies with the Cig trimethylammonium 
form of SCX-2 resin, various volumes of 100 ppm CaCl2 (using CaCl2 2H2O) in 10% 
methanol-water solution were spiked with a 10 (xL standard solution, consisting of 
napthalene, pyrene and benzo(ghi)perylene at 2.5 ppm. These samples were placed in a 2 
liter bulb (5824-15, Ace Glass, Louisville KY) and delivered through the sorbent. The 
bulb was connected to the Adjusta-Chrom column using a 25 mm adapter (Ace Glass) 1/8 
inch Teflon tubing using a P-621 adapter (Scivex, Oak Harbor, WA). The top of the 
Adjusta-Chrom Column was connected to the bottom of the bulb with the 1/8 inch teflon 
tubing. The top of the bulb was connected to the argon tank with 1/8 inch teflon tubing. 
The bulb was connected to the argon in order to create enough pressure (8 psi) to send the 
sample through the column. Then, 2 mL of the rinse solution was washed through the 
sorbent three times. Flow rate was approximately 10 mL/min. Percent recovery was 
determined for each rinse. All experiments were performed in trials of three. 
D. Mean Recovery and Standard Deviation 
All experiments were performed in trials of three. The trials were used to 
determine a mean recovery for the first rinse, second rinse and the following rinses. The 
standard deviation was calculated for the three trials using the equation below. The 
standard deviation is indicated on the following figures using an error bar on the top of 
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each column. The percent removed (R), mean percent removed (MR), absolute standard 
deviation (SD), and the relative standard deviation were calculated as follows. 
1. R = Mi/100 x 100 = (%) 
2. MR = £ Ri / n x 100 = (%) 
3. S.D. = V I (X; - Xavg)2 / (n -1) 
4. R.S.D. = S D / V N x 100= (%) 
* Xi = numerical value of the ith measurement. 
Xavg = is the mean of N measurements = E X i / N 
The letter M represents the measured PAH removed per rinse for each of the trials, 
respectively. The letter i represents the number of the single measurement. The total 
number of measurements is represented by the letter n. The standard deviation for the 
rinses is listed in the appendix. 
III. RESULTS AND DISCUSSION 
A. Optimal Sorbent Preparation 
A study was conducted with a SCX-2 resin for determining the optimal 
preparation time of the sorbent. The individual sorbent was mixed according to the 
procedure. Then, the sorbent was sampled at time intervals: 1,5, 10, 15, and 30 minutes. 
It was discovered that the percent nitrogen, thus the percent surfactant on the resin was 
statistically the same (90% confidence level) at all time intervals for the strong cation 
exchange resin. Thus, the preparation is rapid because exchange reaction is essentially 
complete by at least one minute. 
The preparation of the sorbent was according to a 1:1 mole ratio between the mole 
of surfactant and mole of resin functional groups. The percentage surfactant coverage 
was calculated to be approximately 72% for the SCX-2 sorbent. 
The percentage of carbon remaining on the commercial resin and the SCX-2 resin 
is 17% and 13%, 
B. Exchange Ion 
B.l. Ca Concentration 
We initially explored whether there is a direct correlation between the 
concentration of the exchange ion (calcium) in the rinse solution and the amount of 
naphthalene, pyrene and benzo(ghi)perylene eluted. The exchange ion serves to remove 
the surfactant and the associated analyte from the resin. In 2 mL of resin, the volume 
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used in each column extraction experiment, SCX-2 contains approximately 0.61mmol of 
the negatively charged sulfate groups, respectively. Two milliliters of the rinse solution 
from solutions containing 0.10 M Ca2+, 0.50 M Ca2+, 0.75 M Ca2+ and 1.00 M Ca2+ will 
provide 0.40, 2.00, 3.00, and 4.00 mmol of counter charge, respectively. In Figure 3, the 
results of the elution of naphthalene, pyrene and benzo(ghi)perylene from a Qg 
trimethylammonium form of SCX-2 using rinse solutions with these varying Ca2+ 
concentrations are presented. Two milliliters of each rinse solution, which consisted of 
75% 2-propanol and Ca2+ at various concentrations, were passed through the sorbent 
individually after the PAHs were applied according to the experimental procedure. The 
percent recovery was based on the first three rinses. After receiving the data for the 
rinses, it was determined that quantitative PAH elution is essentially achieved in the first 
two rinses for all the PAHs. An analysis for nitrogen indicated that approximately 100% 
of the surfactant was removed from the resin after three rinses for all five calcium 
• j i 
concentrations. In the first rinse, the elution profile using the 0.10 M Ca rinse differs 
with pyrene and benzo(ghi)perylene with the SCX-2 sorbent. Increasingly less PAH is 
being removed in the first rinse from naphthalene to pyrene, with no benzo(ghi)perylene 
removal in the SCX-2 sorbent. Interestingly, (15%) of surfactant remains after the first 
rinse of the SCX-2 sorbent with the 0.10 M Ca2+. After the first rinse with the 0.25 M, 
and 0.50 M Ca2+ solutions, 1.9% and no detectable amount of the surfactant remained on 
the SCX-2 sorbent. The remaining surfactant hinders PAH elution according to the 
hydrophobicity of the PAHs. There was a slight increase in the percent removal of all 
three PAHs in the first rinse using the 0.25 M Ca2+ rinse. The percent removal of 
naphthalene in the first rinse with the 0.50 M Ca2+ was similar to the first rinse of the 0.25 
M Ca2+ rinse. The 0.50 M Ca2+ concentration is statistically the same as the 0.25 M Ca2+ 
concentration. In the elution profile using the 0.50 M Ca2+ rinse, the removal of the 
PAHs increased in all three PAHs in the first rinse. There was some benefit achieved 
using the 0.50 M Ca2+ rinse versus the 0.10 M Ca2+ rinse. With two rinses, 90% of the 
PAHs could be removed using the 0.50 M Ca2+ solution rinse. There was an advantage 
using the 0.75 M Ca2+ rinse versus the 0.50 M Ca2+ rinse. The advantage is that more 
benzo(ghi)perylene can be removed in the first rinse and 99% in two rinses. In the 
elution profile using the 1.00 M Ca2+ rinse, the removal of the PAHs decreased for all 
PAHs in the first rinse compared to the 0.50 M Ca2+ rinse. The decrease in removal of 
the PAHs using the 1.00 M Ca2+ rinse solution is the result of the salting out effect. 
B.2. Exchange Ion Type 
Experiments were conducted specifically aimed at exploring the effect of varying 
exchange ions versus the amount of naphthalene, pyrene and benzo(ghi)perylene eluted. 
In Figure 4, the results of the elution of naphthalene, pyrene, and benzo(ghi)perylene 
from a Qg trimethylammonium form of SCX-2 sorbent using different environmentally 
friendly cations, namely Ca2+, Mg2+ and Na+, are presented. Two milliliters of each rinse 
solution, which consisted of 75% 2-propanol and exchange cations at a constant ion 
charge concentration of 0.50 M, were passed through the sorbent individually. The 
percent recovery was measured from the first five rinses. In all cases, the PAHs were 
removed in two or three rinses. The removal of the PAHs decreased in the first rinse 
from naphthalene to benzo(ghi)perylene due to the hydrophobic interactions. The greater 
the hydrophobic interaction between the PAH and sorbent, the more rinses needed. After 
the first rinse with these solutions, the percent surfactant remaining was 11%, 2% and 
49% for the Mg2+, Ca2+, and Na+ solutions, respectively. 
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C. Water Soluble Alcohol 
C.l. Alcohol Type 
Next, examined was the effect of alcohol, namely methanol, ethanol or 2-propanol 
on the elution of naphthalene, pyrene, and benzo(ghi)perylene. Alcohol is necessary in 
the rinse solution to allow the surfactant chains to extend, therefore, providing space for 
the solution cations to exchange ions. In Figure 5, the results of the elution of 
naphthalene, pyrene, and benzo(ghi)perylene from a Cig trimethylammonium form of 
SCX-2 sorbent using various alcohols are presented. Two milliliters of each rinse 
solution, which consisted of 0.25 M Ca2+ ions and 75% of each alcohol, was passed 
through the sorbent containing introduced PAHs, individually. Percent recovery was 
based on the first three rinses. Methanol is a relatively weak alcohol that recovered a 
very small percentage of the analytes in the rinses compared to ethanol and 2-propanol. 
Ethanol and 2-propanol are stronger elution alcohols. Interestingly, 2-propanol 
consistently aids in the removal of the PAHs in fewer rinses for the SCX-2 sorbent. After 
the third rinse with the methanol solution, the percent surfactant remaining was not 
detectable. 
C.2. Alcohol Concentration 
The effect of alcohol concentration, specifically 25%, 50%, 75% and 90% 2-
propanol, on the elution of naphthalene, pyrene and benzo(ghi)perylene was studied. 
Figure 6 illustrates the results of the elution of naphthalene, pyrene and 
benzo(ghi)perylene from a Q s trimethylammonium form of SCX-2 sorbent using these 
multiple alcohol concentrations. Two milliliters of each rinse solution, which consisted 
of 0.25 M Ca2+ and 2-propanol at each of these concentrations, was passed through the 
sorbent individually. The percent recovery was calculated for the first four rinses. The 
elution of the analytes in the first rinse was favored for the higher percentages of 
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2-propanol, which would be either the 75% or 90% 2-propanol for the SCX-2 resin. The 
percent of PAHs removed during the first rinse decreased from naphthalene to 
benzo(ghi)perylene using 75% and 90% 2-propanol. The greater the hydrophobic 
interaction between the PAH and the sorbent, the more rinses needed to remove the 
surfactant phase. Insolubility of the PAHs in the 50% 2-propanol solution is the probable 
factor that resulted in less than quantitative elution of pyrene and benzo(ghi)perylene. 
After the third rinse for each percentage of the 2-proppanol solution, the percent 
surfactant remaining was not detectable. 
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D. Elutions Where the Surfactant Remains on the Resin 
In Figure 7, the results of the elution of naphthalene, pyrene, and 
benzo(ghi)perylene, with and without an exchange ion (Ca2+) in the rinse solution, from a 
Ci8 trimethylammonium form of SCX-2 sorbent are presented. Percent recovery was 
measured on the first five rinses using a 
0.25 M Ca exchange ion m a 75% 2-propanol 
solution or using a 75% 2-propanol solution without an exchange ion. The presence of an 
exchange ion in the rinse solution results in more efficient PAH elution. Without the 
exchange ion to remove the surfactant and thus the analyte, the solvent has to break 
hydrophobic interactions in order for the elution to occur causing the PAHs to elute in 
later rinses. The greater the hydrophobic interaction between the PAH and sorbent, the 
more rinses needed. Using a 75% 2-propanol rinse, only 57% naphthalene, 1.04% pyrene 
and 0.50% benzo(ghi)perylene was removed in the first rinse. Analyte hydrophobicity is 
a concern for when the surfactant is removed. When the surfactant is removed, a large 
portion (50-80%o) is removed in the first rinse for naphthalene, in the second rinse for 
pyrene and third rinse for benzo(ghi)perylene. A smaller portion is removed (<20%) on 
the following rinses. Quantitative removal for all three PAHs is easily achieved. The 
surfactant was removed in virtual entirety after the first two rinses in all cases when using 
an exchange ion containing rinse solution. Nitrogen analysis also confirms that the 
surfactant remains at its original concentration on the sorbent after rinsing with the 75% 
2-propanol solution not containing an exchange ion. 
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E. Breakthrough Studies 
A breakthrough study, according to Hennion and Pichon,10 using a 100 ppm 
CaCC>3 hard water in 10% methanol solution was performed in order to simulate practical 
conditions that may be encountered. Cations in real samples have the potential to remove 
surfactant, thus remove "the stationary phase" prematurely. Various volumes of hard 
water were utilized as a means of studying their effect on the concentrating of 
naphthalene, pyrene and benzo(ghi)perylene. A constant volume (10jj,L) of a 2.5 ppm 
PAH standard was spiked in varying sample volumes, thus the concentration of PAHs 
varied with the volume (i.e. the 2 liter sample had a concentration of 12.5 ppt PAHs). 
The effect of sample water volume on the recovery of naphthalene, pyrene and 
benzo(ghi)perylene was evaluated. In Figure 8, the results of the elution of naphthalene, 
pyrene and benzo(ghi)perylene from a silica based Qg trimethylammonium form of 
SCX-2 resin and a commercial silica based C18 resin using 10% methanol and 100 ppm 
of CaCl2 in a 2 0 0 0 mL volume of hard water is shown. Throughout these breakthrough 
studies, a 
0.50 M Ca2+ 75% 2-propanol rinse solution was used on the SCX-2 resin. Pyrene and 
benzo(ghi)perylene did not breakthrough at the studied volume. Naphthalene broke 
through because of its higher solubility in water as compared to pyrene or 
benzo(ghi)perylene. The analysis of a small volume rinse of methylene chloride after an 
extraction procedure confirmed that the PAHs did not significantly adhere to the vessel 
walls. After passing the 2000 mL 10% methanol, hard water sample through the resin, 
the percentage of surfactant remaining on the resins was 97% for the surfactant-silica 
sorbent. 
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In Figure 9, the results of the fourier transform infrared-adsorption spectroscopy 
(FTER.) analysis of the commercial silica based resin (CI 8) and the silica based resin 
(SCX-2) indicated that the outside of both resins are more similar to a liquid phase than 
to a solid phase. The antisymmetric stretching vibration was approximately at 2926 cm"1 
for both resins. In particular, the antisymmetric CH2 stretching vibration varies from 
2918 cm"1 to —2926 cm" . The 2926 cm" wavenumber is an indication of heavily 
disordered, "spaghetti-like" structure. 
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IV. CONCLUSIONS 
Based on the data presented in this study, the resin (SCX-2) and surfactant 
(Octadecyltrimethylammonium Bromide) gave rapid and highly efficient extractions of 
analytes in a hard water matrix. While using solid phase extraction, the sorbent can 
extract very hydrophobic species with solvents that are nontoxic, environmental friendly 
and directly instrument compatible. 
A. The resin (SCX-2) and surfactant (Octadecyltrimethylammonium Bromide) 
showed good recoveries for removing hydrophobic PAHs in aqueous solutions. The 
sorbent can be used with a method that is timesaving. In addition, less organic solvents 
are needed for removing the analyte. Therefore, less organic solvents are released into 
the environment. 
B. The solid phase extraction (SPE) sorbent having a removable "stationary phase" 
is comparable to or more efficient than the conventional extraction sorbent in removing 
the more hydrophobic PAHs in an aqueous phase. A Cis trimethylammonium form of 
SCX-2 sorbent can be used to remove other semi-organic compounds from an aqueous 
sample as long as the experimental conditions are adjusted according to the analyte. 
C. In case of the PAHs, the hydrophobicity can effect the results using the 
commercial sorbent and the Qg trimethylammonium form of SCX-2 sorbent because of 
the potential insolubility of the analyte in the rinse solution. As in the commercial CI 8 
sorbent, solvent volume is also a factor that impacts the data results. 
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APPENDIX 
The appendix contains the data for the experiments done on the elution of naphthalene, 
pyrene and benzo(ghi)perylene from a Ci8 trimethylammonium form of SCX-2. 
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Table 3. Data of Naphthalene 
Rinse solution Rinse 1 (%) Rinse 2 (%) Rinse 3 (%) Rinse 4 (%) Total recovered (%) 
25% 2-propanol 0.25 M Ca2+ 0 0 0 0 0 
50% 2-propanol 0.25 M Ca2+ 0 15.12 ±1.84 81.41 ±1.03 3.76 ±0.37 100.29 ±0.79 
75% 2-propanol 0.25 M Ca2+ 89.28 ±5.12 4.13 ±7.15 0 0 93.41 ±2.05 
90% 2-propanol 0.25 M Ca2+ 79.24 ±4.28 0 0 0 79.24 ±4.28 
75% 2-propanol 0.10 M Ca2+ 80.77 ±3.46 14.6 ±3.07 0 0 95.37 ±1.37 
75% 2-propanol 0.50 M Ca2+ 88.59 ±6.60 8.87 ±3.58 4.12 ±1.01 0 101.58 ±4.51 
75% 2-propanol 0.75 M Ca2+ 79.71 ±6.69 15.72 ±1.02 0 0 95.43 ±7.49 
75% 2-propanol 1.0 M Ca2+ 73.97 ±4.27 23.21 ±6.73 0 0 97.19 ±10.43 
75% Methanol 0.25MCa2+ 0 57.4 ±17.55 33.11 ±13.42 0 90.53 ±4.28 
75% Ethanol 0.25 M Ca2+ 71.86 ±5.85 24.8 ±6.60 3.26 ±1.75 5.93 ±0.18 99.92 ±0.99 
75% 2-propanol 0.25 M Mg2+ 92.2 ±2.02 10.68 ±4.54 2.00 ±0.19 0 104.88 ±4.10 
75% 2-propanol 0.50 M Na+ 57.32 ±8.79 31.28 ±2.11 2.72 ±0.19 0 91.32 ±8.31 
75% 2-propanol 57.21 ±8.96 30.17 ±8.03 2.67 ±0.63 1.17 ±0.13 92.49 ±3.34 
u> 
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Table 4. Data of Pyrene 
Rinse solution Rinse 1 (%) Rinse 2 (%) Rinse 3 (%) Rinse 4 (%) Total recovered (%) 
25% 2-propanol 0.25 M Ca2+ 0 0 0 0 
50% 2-propanol 0.25 M Ca2+ 0 00.24 ±0.42 66 ±5.01 32.36 ±3.55 98.6 ±1.63 
75% 2-propanol 0.25 M Ca2+ 44.35 ±10.89 49 ±10.39 0 0 93.35 ±0.71 
90% 2-propanol 0.25 M Ca2+ 40.49 ±9.25 49.35 ±5.35 0 0 89.84 ±4.24 
75% 2-propanol 0.10 M Ca2+ 13.41 ±3.36 80.22 ±2.96 0 0 93.63 ±1.35 
75% 2-propanol 0.50 M Ca2+ 63.46 ±10.74 29.07 ±6.99 2.82 ±0.62 0 95.35 ±3.59 
75% 2-propanol 0.75 M Ca2+ 55.54 ±2.41 27.39 ±3.80 2.76 ±2.41 0 85.69 ±8.36 
75% 2-propanol 1.0 M Ca2+ 31.88 ±6.15 43.14 ±9.19 5.58 ±1.37 2.08 ±0.30 82.68 ±6.37 
75% Methanol 0.25MCa2+ 0 0 0 0 0 
75% Ethanol 0.25 M Ca2+ 0.46 ±0.05 68.37 ±10.47 27.15 ±8.69 0 95.98 ±1.99 
75% 2-propanol 0.25M Mg2+ 57.69 ±14.90 35.6 ±13.80 2.59 ±0.42 0 95.88 ±0.81 
75% 2-propanol 0.50 M Na+ 1.97 ±0.09 77.91 ±5.04 15.26 ±1.39 0 95.14 ±4.02 
75%o 2-propanol 1.03 ±0.91 77.67 ±0.67 13.91 ±0.32 3.20 ±0.47 97.13 ±0.72 
Table 5. Data of Benzo(ghi)perylene 
Rinse solution Rinse 1 (%) Rinse 2 (%) Rinse 3 (%) Rinse 4 (%) Total recovered (%) 
25% 2-propanol 0.25 M Ca2+ 0 0 0 0 0 
50% 2-propanol 0.25 M Ca2+ 0.54 ±0.95 0.75 ±1.30 19.44 ±1.56 0 96.37 ±1.69 
75% 2-propanol 0.25 M Ca2+ 14.41 ±5.15 85.61 ±4.86 1.51 ±1.31 0 101.53 ±1.40 
90% 2-propanol 0.25 M Ca2+ 4.95 ±1.25 87.22 ±2.83 4.56 ±1.37 96.73 ±3.49 
75% 2-propanol 0.10 M Ca2+ 0 88.95 ±4.87 12.25 ±3.91 0 101.2 ±1.01 
75% 2-propanol 0.50 M Ca2+ 44.45 ±10.12 47.12 ±11.32 2.44 ±0.13 0 94.01 ±1.38 
75% 2-propanol 0.75 M Ca2+ 57.37 ±4.95 37.11 ±5.19 0 0 94.48 ±8.13 
75% 2-propanol 1.0 M Ca2+ 18.59 ±8.85 63.48 ±18.30 6.03 ±1.62 1.26 ±1.09 89.37 ±12.50 
75% Methanol 0.25MCa2+ 0 0 0 0 0 
75% Ethanol 0.25 M Ca2+ 8.28 ±2.40 83.93 ±5.20 4.1 ±1.40 0 96.31 ±2.55 
75% 2-propanol 0.25M Mg2+ 31.74 ±19.98 57.51 ±19.26 2.84 ±1.08 0 92.09 ±9.68 
75% 2-propanol 0.50 M Na+ 0.22 ±0.39 4.19 ±0.98 53.54 ±6.66 0 57.95 ±7.39 
75% 2-propanol 0.50 ±0.63 3.57 ±2.48 45.39 ±3.85 44.46 ±5.79 103.60 ±3.76 
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